The most widely used creatinine-based glomerular filtration rate (GFR) estimating (e) equation (eGFR) is MDRD-4. It and its successor, CKD-EPI, do not include a term for the patient's body weight or actual body surface area (BSA). There is new and compelling evidence that, as a result, these eGFR equations are vulnerable to bias (nonrandom errors) that can confound their application to individuals and to group comparisons. Our 'modest proposal' is to retrofit these eGFR equations to include the patient's actual body weight (or a related term-as discussed later) and actual BSA. This editorial documents the problem incurred by these omissions, how the problem can be remedied and what should be done until it is remedied.
When MDRD-4 was devised, it was an advantage to not require body weight or BSA because clinical laboratories, which produced the creatinine measurement, did not have ready access to the patient's height or weight. They did, however, have the patient's demographics (age, race, sex), each of which influences the serum creatinine level. These demographics and the serum creatinine level became the data set for MDRD-4/CKD-EPI. Now, however, with the widespread and growing use of the electronic medical record, it would be easy to incorporate the patient's body weight and actual BSA into MDRD-4/CKD-EPI.
The MDRD-4 equation was devised to estimate actual GFR more accurately than is possible from interpretation of the serum creatinine level alone [1] . The MDRD-4 equation has become very influential. It is the basis for the K-DOQI stages of chronic kidney disease (CKD) [1] , which are widely used clinically and in CKD epidemiology. Also, most clinical laboratories now automatically report MDRD-4 using a standardized creatinine measurement championed by K-DOQI.
MDRD-4's predecessor was Cockroft-Gault (CG) eGFR. CG is used widely in Europe but it never gained popularity in the USA. The disadvantages of CG are that it requires body weight, does not adjust for BSA or African ancestry and estimates creatinine clearance not GFR. Also, CG shows greater variability than MDRD-4, which has been interpreted as evidence of decreased accuracy [1] . We suggest, however, that MDRD-4 only seems more accurate than CG because, in effect, MDRD-4 has only a single variable contributing to its variance (i.e. serum creatinine), whereas CG eGFR has both serum creatinine and body weight contributing to its variance. Thus, for patients of the same age, race, sex and serum creatinine level, there is only one possible value for MDRD-4 eGFR. However, for this same set of patients, there are numerous possible correct values for their CG eGFR, depending on the individuals' body weight, as we and others have pointed out [2, 3] . The greater variability of CG compared to MDRD-4 reflects this reality. On this basis, we suggest that it is beyond question that adding a weight term and the patient's actual BSA would improve the accuracy of MDRD-4/ CKD-EPI. Presently, there is a considerable effort underway to replace creatinine-based eGFR with other measures [4] . We suggest, however, that a properly retrofitted CKD-EPI may make that effort unnecessary.
Body weight is the main determinant of serum creatinine at any actual GFR. MDRD-4 attempts to adjust for lack of a body weight term by using an averaged BSA. However, BSA-even an accurately determined BSA-is not an adequate substitute for body weight. For example, a 35% difference in body weight corresponds to only a 14% difference in BSA [5] .
The evidence that MDRD-4 (and by inference CKD-EPI) is biased because it does not include a body weight term or actual BSA, includes the following The IDEAL study IDEAL is a prospective randomized trial of early-start versus late-start dialysis in late-stage CKD [6] . IDEAL found no difference in mortality rate during 3 years of follow-up between the early-start and late-start dialysis.
IDEAL also assessed whether mortality rate during follow-up was related to eGFR at baseline. When the baseline eGFR was stratified according to CG adjusted for actual BSA, the proportion of deaths during follow-up was 40% in the lower range of baseline CG and 35% in the higher range of baseline CG. This mortality difference was not significant and was consistent with the study's overall outcome. However, when baseline eGFR was stratified according to MDRD-4, a major paradox emerged. The proportion of deaths during follow-up became 29% in those in the lower range of baseline MDRD-4 and 45% in those in the higher range of baseline MDRD-4 (P < 0.001). This paradox was not mentioned in their publications nor was it tested statistically. We suggest that this paradox occurred because MDRD-4 could not reliably distinguish between those with a lower serum creatinine because of wasting (which should increase mortality) from those with lower serum creatinine because of higher actual GFR (which should decrease mortality) [7] . At the same time, MDRD-4 could not reliably distinguish between those with higher serum creatinine because they were relatively robust (which should decrease mortality) from those with higher serum creatinine because of lower actual GFR (which should increase mortality). This 'perfect storm' created the paradoxical and spurious mortality gap when MDRD-4 was used to stratify baseline GFR. By contrast, because CG in IDEAL included the patient's actual body weight and actual BSA, CG could more reliably estimate actual GFR. Thus, CG predicted mortality more accurately than MDRD-4.
The study of GFR decline during follow-up in the MDRD study
Recently, it was shown that during MDRD study follow-up, MDRD-4 underestimated GFR decline by 28% compared to measured GFR (mGFR, urinary iothalamate clearance) [8] . We suggest that this bias occurred because MDRD-4 overestimated actual GFR in those with lower serum creatinine level due to wasting, and becoming wasted was more common during MDRD follow-up than becoming robust. Thus, there was not an offsetting bias.
The 'rising tide' of early-start dialysis
The serum creatinine level at which patients start dialysis has decreased sharply in recent years [9] . We suggest the impetus to this 'tide' was contributed to by the MDRD-4 verbal descriptors of 'severely decreased GFR' at Stage 4 CKD and 'kidney failure' at Stage 5 CKD. Although the K-DOQI guidelines clearly state that renal replacement therapy is indicated if 'uremia' is present, apparently many nephrologists overlooked this recommendation. We suggest that the rising tide occurred primarily in relatively robust patients because MDRD-4 substantially underestimates actual GFR in these patients, as we and others have pointed out [2, 3] .
The studies of eGFR and the prediction of cardiovascular risk
Recent reports show that MDRD-4 is less reliable than mGFR [4] or CG [10] in predicting cardiovascular risk. We suggest that this occurs because MDRD-4 bias underestimates cardiovascular risk in those with lower serum creatinine because of wasting and overestimates cardiovascular risk in those with higher serum creatinines because they are robust. CG and mGFR do not have this bias.
Recommendations for the weight and BSA terms
The optimum weight term is not actual body weight. That is too vulnerable to confounding, particularly by obesity. The quandary regarding the optimum body weight term for creatinine-based eGFR equations was recently reviewed [11] . The choices include ideal body weight, adjusted body weight, lean body weight, fat-free weight and others [11] . We suggest that each body weight term should be evaluated. We suggest that CKD-EPI should be used for this purpose because it has advantages over MDRD-4, CG and the 'quadratic' eGFR [12] because of its better ascertainment of the effects of age, sex and race on GFR [13] .
Including actual BSA in CKD-EPI should be easy to do because the electronic medical record also contains the patient's height. Accurate adjustment for BSA is needed to compare the patient's eGFR to normative values [5] .
Interim recommendations for eGFR measurement
As recently discussed, creatinine-based eGFR equations that do not include a weight term are not recommended if the person is obese or is an habitual vegetarian, habitual 'meatatarian' or has atypical muscle mass. This issue is particularly relevant if the problem is to determine whether actual GFR is normal (e.g. kidney donor evaluation). In such persons, 24-h urine creatinine clearance based on accurately collected 24-h urine is recommended [14, 15] . For others, CG adjusted for actual BSA is recommended [14] . mGFR is not recommended because of considerable intra-individual variability [16] .
Presently, there is a considerable effort underway to replace creatinine-based eGFR with other measures [4] . We suggest, however, that a properly retooled CKD-EPI may make this effort unnecessary.
